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Bropas MexLyHapohan KoHGepeH LA AJCONT. 15/ E/ 2204
Opranu3ai 00be/ HHekAbIX Halui USSR
M0 MPHMEHEHHID ATOMHOR 3HEPrHH ORIGINAL: RUSATAN (NN

B MHPHAIX LenaX

He nognemnt ornaweinio A0 ohHUManbHOTO coobwerun Ha Howdepenunu o

[IPIMEHEHIE MOHHQOTO OSMEHA JJI MBYYRHWST COCTOfHII
PATMOAKTIHBILX BENECTB B PACTBOPAX '

B.lleHuKnnpcxuit u B.N.Jlapamotosa

Beyuxaa ugesa Jl.U.MeHnesneesa 0 TOM, YTO DPACTBOP Mpeicrasiier
COCO#A MDPOIYKT XUMHUUECKOTO B3aUMOMEHCTBUA €r9 KOMIOHEHTOB, B [0-
cleLHee Bpemd MOJYy4MJA HOBOE DasBUTME B 0GJACTH ABJEHu}A 00pas30Ba=-
HUA ¥ JUccCoLMalnuy KMCJOT M KOMIJIEKCHHX COeJUHEHUd B pacTBopax,
BKJnYad Cchja U ABJEHHA TUIPOIM3a. JeraspHoe uccjlieioBaHue DaBHO-
Becull KOMIJEKco00pa30BaTe biHX MPOLeCCOB MOKA3AJI0 CJORHOCTH 3TUX
MPOLEeCcCOoB, MPOTEKAMIlUX CTYNEHYATO AHANOTV.YHO IUCCONUALUN MHOTOOC-
HOBHHX KUCJOT /4/ « B TO X¢ BpeMA BHSACHUJOCH GOJbMOE 3HAUYEHUE MO-—
JOOHOTO pOJa NpPOLEeCCOB JLid TEODPeTUUEeCKOW ¥ MPUKJaXHOH XuMu. Bo b~
1y, poJb B JTOM UrpaeT NPHMEHEHUES MEYCHHX aTOMOB, MO03BOJMBNKX
u3yyaTb 9TH ABJEHUS B YCNOBUAX KpalHero pascdaBlleHUs pacTBOPOB MO
OTHONEHND K U3yyaeMOMy KOMMIJeKCoospa30BaTe/mM. Cpelud METOLOB, KO-
TODHE MPUMEHADICA LS U3YUEeHUS YIOMAHYTHX BHUE MPOLECCOB, 0COCHIH
NHTEepec MpelCTaB/AeT MeTOJN, OCHOBAHHHY HA MpuMEHEHW! MOHOOCMEHHHX
BELeCTB - HOHYUTOB. IIpuMeHeHue MOHUTOB JJA 3TO} LeJu OCHOBAHO HA
TOM, YTO MEXJYy MOHUTOM ¥ PACTBODOM YCTAHABJIUBAEICH HOHOOCMEHHOE
paBHOBECHE, KOTOPOE XapaKTepusyercd TeM, UTO DASHOCTL MEXIY XUMU-
9EeCKUMI MOTEHOWaAMA MOHOB B DPacTBOPE U MOHUTE JOJEHA OHTh OJMHA-—
KOBa XIAA 060MX oOMeHuBapmuxcs uoHoB (eCiu 00a MOHA UMEDT OJUHAKO-
. ByD BAJEHTHOCTS X ). TIpu onpeXeneHHHX YCJOBUAX ATO 03HAYaeTr, YTO .
KOHI[eHTpaiua (akTMBHOCTEH) M3yyaeMOrO0 WOHA B PacIBOpe MPOMOPIUO- :
HalbH& KOJUYECTBY MCCJELYyeMOTo 3J]eMEeHTa, [OTJIOMEHHOT0 MOHUTOM U3
IAHHOTO DacTBOPa,; T.€, MOHUT CHYENT HEMOCDPEILCIBEHHHM MOKa3aTeJieM :
conepEaHud omnpereneHHod (OpMH CymecTBOBAHUA IAHHOTO BJEMEHTA B "

x) B cnyvyae MOHOB Pa3HOH BaJEHTHOCTY OXMHAKOBHMM GYIYT He pas-—
HOCTU XUMWUYECKUX [OTEHIUAJIOB, & MX DOU3BELEHHA HA OCPATHYD Be-
JUYUHY BAJIGHTHOCTH COOTBETCTBYOHEI'0 WOHA.

25 YEAR RE-REVIEW
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pacTBope. [P MHWX ¥O NOBUAX MOTJOUCHHKE UCCNeNyeMOr0 3/eMEHTq
VOHMTOM W3 pacTsopa OOJee GCJOXHHM 00Da30M MOXET JATDH HAM CBELe-
Hildl 0 COMepEaHUM B pacrsope 10# (QOpMN CymecTBOBaHMA 3TOTO 3Je-
MEHTA, KOTOpad NOTNOMAEICA BIATHM HAMM MOHMTOM. [[DUMEHEHHE DTUX
SAKOHOMEPHOCTE)l CTAJIO BOSMOXHHM GJAarogaps TOMY, YTO B Hacrosuee
Bpeus BAKOHH DABHOBEC M WOHHOTO OOGMEHa HaM IOCTA&TOYHO xopomo u3-
BECTHH /2/

MoHOOOMEHHOE paBHOBECHE B OGleM Clydae [OZYMHAETCHA ypaBHE=—

% 1/z ‘21/3'. 94_ i/2,
('ﬁ‘> T '(ci> ’ w
rne (| -KONMYECTBO MGGJELYEeMOTO WMOHA, MOTJOWEHHOFO OXHUM rpaMMoM
vorura; (' n \B ~KOHOEHTpaLlud ¥ RO3QPUINEeHT aKTUBHOCTH 3TOrO
UOHa B DABHOBECHOM DaCTE0PE; £ —er0 BAaNEHTHOCTH; AHAJOTHUHHE 060-
3HaveHud g, , C_i R 431 ® %, OTHOCATCA KO BTOpPOMY (BCHOMOTATE NB-
HOMY) WHOHY, HPUGYTCTByDUEMY B DacTBOPe W OGMEHMBADWEMYCH ¢ MCCJe-
IyeMuM uoHOM; K -KOHCTanra o6MeHa. Lo B Cepuu OMHTOB [OLLEPEU~
BaercA MOCTOAHCTBO KOHIEHTPAlNK BCIOMOTATEJNBHOI'0 MOHA M MOHHON
CMJIH DaBHOBECHHX DACTBOPOB, & TaKkXe COGMAAETCA YCNOBME (J<< {9
L8 4ero Bejduuhs JONEHO GHTBH OYeHb Majof (r.e. UCC ey eMuit
9JIEMEHT TDUCYTCTBYET B MUKDOKOHLEHTDANUU), TO Mepsasi yacts ypas-
HeHua (1) GyZer BenwumHON TOYTH MOCTOAHHON, WM

% ~ comt (2)

OueBHMIHO, YTO NMPAKTUYECKN MO J30BaTHCA DTUM ypaBHEHHEeM MOXHO,
K&K [paBiio, TONBKO B TOM CJyYde, eCAM LA ONpedeNeHus MHOrJomeHus
U3yuaeMOTo 3ieMeHTa NPUMERATICA MEYeHHe aTOMH. TakuM 06pa3oM, NpH
YKaBaHHNX yCAOBUAX ¥ OyZer COCADIATHCA TA MPOMOPLUOHAJISHOCTD

MERXLY MOTJIOWEHMEN UCCIELyeMOT0 MOHA U ero KOHOEHTpauued, o KOTOpOi
OHIO CKAa3aHO BHUe. ECJM 3TH YCIAOBHA He COONDIEHH, TO LJA Ompeje-
JERUA KOHLEHTDALUM M3YUaeMHX HOHOB MOXHO [MONB30BATHCSA [0 JHHM
ypaBHeHWenM odMena (1), cobmolad, OIHAKO, MOCTOAHCTBO MOHHOY Cuim
pacTBOpa, MpPY KOTOPOM BHPAXSHUE ’ ’

pi/=
Y
K- \gi/zi

MOXHO CYNTATDP B [EPBOM MPUCIUECHUY MOCTOSHHHM.
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[ToMUMO BOBMOKHOCTY KOJMYECTBEHHHX onpeneneHuit To¥ uam uHOH
MOHHO! (PODMH MCC JEIyeMOro 3JEMEeHTa B DACTBODE, METOXN MOHHOTO 0G-
WeHA MO3BOJAET DEUaTh TAKEEe PAXL LPYTUX BOMNDOCOB, CBASAHHHX C M3y~
YEHUEM COCTOAHUA DANUOBKTUMBHHX JJEMEHIOB B DACTBODAX, B YACTHOCTH,
B KpailHe pa3CaBJIGHHHX DACTBODAX. [{ WHCHNY TAKUX BONDOCOB OTHOCATCA:

1. OnpelneneHue 3Haka 3apalia WOHOB UCCJELYyeMOTO BEWECTBA [0
HAJMYMD UM OTCYICTBMD MOTJIOUEHUS eI'0 KaTHOHHTAMU ¥ aHUOHUTAMM.
BOSMOXHO TaKXe yCTAaHOBUTH OXHOBDEMEHHOE MDUCYTCTBUE B pacrsope
KaTMOHOB ¥ aHWOHOB JAHHOTO 3JeMeHTa /3/.

2e YCTAHOBJIEHME NPUCYTCIBUA HeM TpalbHHX MOJIEKY N1 KaKoro=naudo
COeNMHEHNA B DaCTBODE OyTEeM M3y4YEHUA OOTJOWEHUA €r0 KATUOHWUTOM 1
aHWOHUTOM /4/.

3. HaueCTBeHHOe YCTaHOBJGHME KO JJOMIHOTO COCTOAHMA pazuo-
9JEMEHTa B pacrBOpe /3/, /5/.

4. Hamuume nponecCcoB TUIPOJM3A COGLKHEHMH pajuosieMeHTOB /6/.

5. KolMyecTBeHHOE OmpeleseHHe KOHCTAHT HECTOMKOCTHE KOMMJSKC—
HHX coexuseHu#t /3/, /7/, /4/.

He ocraHaBIWBAfCH Ha BCEX MMEPEYMCJEHHHX BOMPOCAX, PacCMOT PUM
nogpocHee, rJaBHHM 06Pa30M, MOCACLHUM U3 HUX. 0030p NpexHUX padoT
10 onpeXxeseHUD KOHCTAHT HECTO#KOCTM C MOMOMBD HOHUTOB MOXHO HaliTh
B craTpax llydepra /3/, KOTOpuH ABNAETCA ONHMM W3 NKOEEPOB MpUME-
HEHEA DTOro0 MeTroZa, u B craThe doMmuHa /8/.

Meroyx llydepTa OCHOBAH Ha OmpeneJieKkd C MOMOMBY KATHOHUTOB
KOHOEHT DAl HEKOMIJNeKCHHX KaTHOHOB DaJuodJIeMeHTA B pacrBOpe B
MPUCYTCT BUM AXNCHIA HA OCHOBAHUM ypaBHeHua (2). OTOT MeTOX npu-
TONeH IJf TaKMX KOMIJIEKCHHX CUCTEeM, B KOTODHX KATHMOHAMK fABJADTCA
TOJBKO HEKOMIIJeKCHHE MOHHM DAJUODJEeMEHTa, & KOMIJNEKCHHEe QODMH MM
HeliTpaJIbHH UJIM ABJADTCSA AEMOHAMM. PPOHEyCOM /7/ GHJ paspaGoTaH
METOX, KOTODLH MO3BOJAEI C MOMOWBD KATHOHUTOB ONDPELENUTH CTYMEH-
YaTHE KOHCTAHTH HECTOMKOCTM KOMITJEKCHHX COeJlMHEeHM#, KOTODHE 00-
pasynIcsA nyTeM noCleLOBATEJIBHOTO [DPUCOEINHEHUA MHOTUX YACTHUI af-
Kenla, mpuyeM MOXeI MOJYYATHCA HECKOJIBKO KATHOHHHX $ODMe DTOT
MeTOX TaKke OCHOBAH HA NDUMEHEHMY UBCTEPMH O0MeHa B GopMe ypaBHe-
g (2).

ArTOpH HacToAme#t ©TATHH COBMECTHO ¢ Jl.A.KoueBaHOBOH paspagdo-
Tand METOJ MPUMEHERNd WOHHOTO oOMeHa (Ha KATHOHMTE) XJf Oomperese-
HHE KOHCTAHI HECTOHKoCTH B dopue, Tpedypmed mpuMeHeHus o0mero
ypasHeHus o6meHa (1), u ompelesMiM ST WM METOJOM KOHCTAHTY HECTOX-
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B JCNOBUAX MOCTOAHCTBA MOHHO! CUJH pacTsopa W MepeMeHHOW Beuyn-—
HH MOTJIOWEHKA BCHOMOTaTeNBHOro uoHAa (HaTpusd). Jerajm 3TOrO MeTo-—
Ze OyZyT ONyCMIKOBAHH B LIDYroM MeCTe; 31eCh X€ MH TOJBKO OTMEeTHM ,
UTO AAd U3YYeHNA [POLECCOB KOMIIJIEKCOOGPa30BaHUA MPAKTUYECKU BO3—
MOXHO MO Jb30BATHCA OCuUMM ypasHeHueM (1), X0TH MCCIeLOBaHME 3HTUX
nponeccoB B yCJOBUAX, JOMYCKADMMUX MPUMEHeHHEe YNDPOmEHHOTO ypaBHe—
Hea (2), uMeeT pag MpeMNymecIBe B JNTeparype OMNUCAHH TAKXE MeTO-
A OnpeXejieHus KOHCTAHT KeCIONKOCTM C MOMOMXE® AHMOHUTOB /9/,
/10/, /14/.

OxHWM U3 HaC /4/ 04N paspaGOTaH METo] nKDHUBHX OTHOCHT € JEHO~
TO NOTJOWERMA" , KOTODHi OCHOBAH HA TOM, UTO OJMH ¥ TOT X€ pac-
TB0p MPUBOIUTCA B DABHOBECHE U C KATHOHHTOM M C BHUOHUTOM, [0CJ]E
4ero onpeiessaerca KOJMYECTBO MCCJIELYEMOr0 3 JeMeHTa, OOTJIOMEHHOro
KaTUOHUT OM M aHUOHMTIOM, TaKHM 06pa30M Ha pALe pacTBOPOB MOXer
OHTh E3YYEHO MOTJIOMEHHe UCCELYEeMOTO SJEMEHTA KATHOHUTOM ¥ aHMOHH-
TOM B 3aBUCUMOCTM OT KOHIEHTDAIMHM aiZeHJa NPH [0CTOAHCTBE oOduei
KOHLUEHTPALU! MCCTELyeMor0 DJeMEHTA ¥ MOCTOAHCTBE MOHHOK CHJH pac—
TBOpa, OTHOCHTEJIBHOE [OTJOMEHNEe DPalM0? IEMEHTA KATHOHUTOM X’ + 0
[peicTaBJifeT COCO# OTHOWUEHME Be JMYUHH 9+—-xonuqecmaa 9TOr0 DJJeMEeH-
Ta, NOTJIOWEHHOT'O KATUOHUTOM B DABHOBECHM C PACTBODOM, COJE DA -
arleH] B JaHAOH KOHIEHTPAI{MM, K BEJUUMHE q f =KOJUYECTBY O3 JIcKeH—
Ta, NOTJIOUEHHOTO KaTHOHUTOM, HAXOJXAMUMCA B DABHOBECHM C DACTBO-
poM, He CoepramuM alneHia, HO COJepRauUM UCCJeIyeMHl paXuosieMeHT
B TO} Xe KOHI[eHTpaluu C s YTO ¥ DPAacCTBOD, COZepEamuii ajmeHI:

+

Ye = =5
+

AHaJOTHYHHM OCpa30M OrpeieigeTcs ¥ OTHOCHTEeJNBHOE [OTJIOUEeHKe pa-
JU03JieMeHTa aHUOHUTOM:

2562

Y.=5

3LeCh (%_" npescTaBder %Gdoﬁ MaKCuMaJbHoe MmoTIoueHe paLuosie— =
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werra (uMepmEro MOCTOAHHYD OCUYD KOHIIEHTDALMD B pacTBOpe), KOTIO-
poe KOCTHIAeICHA MpH yBeIUeHM! KOHIEHTpAUMM ajieEja KO Taxo# Be-
JUYMHEL , [PM KOTODO/ TPAKTUUECKM BECH DPAZM0dJEeMEHT HAaXOJUICH B
(opMe KOHUNZIEKCHOTO MOHA.

PesylbTaTH ONHIOB M306paxapTCd Tpaduuecku, MpPUUeM 00 0CHU
OpIMHAT OTK JALHBANTICA BEIMUMHH OTHOCUTEJBHOTO MOTJOWEHUS pazuo-
3JeMeHT & XaTHOHUTOM ( ¥+ ) u ammonmnzow (Y - ), & 1o ocm adc-
IUCC — OTPUUATE JIbHHY Jorapudu KOHIEeHT DALl CBNOOJHOTO ajreHnma

0 (moxazarens ameu,napA = laa ).

EC/ OOKTH BEIYTCA B ycnosmfx I PUNOEMMOCTH ypaBHeHua (2) u
gCIM DALI0G IeMEHT JaeT M0 OXHO! KATMOHHOK M aHWOHHOH dopue, IO
BE MU HH K“ + 1 X’- DaBHH IOJAM KATMOHHOA M aHMOHHOA GopM pajuo-
onewerTa (Ol # O _) B jaHHOM pacTBOpe. EC/M MPU Da3MMUHHX KOH-
OeHTpalniX aileHJa OKameICH Z{‘ + F X’_ =41, TO KaTHOH Daxuo3Je-
MeHTa OCpa3yeT G 9THM ALIEHNOM TOJBKO OJHO KOMMIEKCHOE COeXMHe-
Hile - afioH., Ecaum xe X"+ + K“_ < 4, TO paiuoajeMeHT odpasyer ¢
alIeHIOM TAKEe HelTpajbHHA KOMIJEKC, JKOJd KOTODOTO B pacrBope
paia. Y = 1-Y, -x”_ . TOUKA NMEepeceyeHns KPMBHX OTHOCHTEIb-
HOTO MOTJOMEHMS DAJu03JeMeHTa KaTHOHUTOM ¥ AHMOHUTOM JaeT KOH-
negrpamm amgosa Q. , KOTOpad CBA3aHa C KOHCTAHTO! HECTONKOCTH
AHUOHHOTO KOMIJIEKCE MPUCTHM COOTHOWEHHEM

a, =K, , (4)

rje N, ~UMCJ0 AHMOHOB aAKGHJA, BXOAAMUX B COCIAB KOMIIEKCHOTO
anoAa (0LHO4LEDPHOTO).

HerpyLHO OKA3aTh, YIO B TOM CJYyYae, KOTJA DPAZM0dJEMEHT MpH-—
cyrcTBYe! B BHAUMIEbHON KOHLEHTPALUY ¥ MOTOMY ypPaBHEHWE (2) ne-
MpUMEHUMO, MOKHO HA OCHOBAHNYM yPaBHEHUA (1) onpereiuTs XOJD Ka-
THORHOR WI¥ AHMOHHOX (opuu pazuosnemernra (O unn A_) ¢ mo-

MOUBD YpaBHEHMA
2. /%,

6-q -
Ol£=XL E—:%L> ) (5)

rie & -IOJHAS eMKOCTH KATWORMTA WJIH AHMORMTA, FOTOPAA B yCJHOBHAX
ousTa MpeAtolaTaerca MOCTORHHOM, (. -—KOIUIECTEO paIu03 IeMeRTa, Mo-
TION@HHOr0 WOHWTOM 3 DacTBOPA, COZLEPEAMEro aileHk B JARHOH KOH-
neRT panut, f -T0 Xe W3 pacTBopa, He cojepramero axmenfa ( X
KATHOHWT0B) MM COZEPEALEro Takoll M3CHIOK aileHia, 9I0 PAINOIJeE-

: / K
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MEHT NPUCYICTBYeT B pacTBOPE TOJLKO B opue KOMIJEKCHOT'O aHUOHA
(Lna AHUOHMTOB), & ; -BaJEHTIHOCTH TIOTJIONAEMOT0 MOHUTOM UOHA PajniuosJe
MEHTa. (rcomnnem,noro WM HEKOMIJNEKCHOIo0),% , ~BaJIeHTHOCTH BCMOMOTA-
TEJNPHOTO HOHE&, KOHKYDUPYRUWEr0 C MGCJELYEeMHM B mpornecce WOHHOTO
ofMeHa Ha JAHHOM MOHWTe, BCe BEJNUUHH, HaXOXAuuecd B MpPaBof vacTH
ypasHeHus (5), NETKO OMpELENnTCA JKCMEPUMEHTANbHO.

AHa M3 KPUBHX MOTJOWEHUA JaeT BO3MOXHOCIP ONpelesuTs TaKEe
¥ KOHCTAHTY HECTOMKOCIM He}TpaJIbHOTO KOMOJIeKCa pajuodeMeHIa u,
TaKuM 006pasod, JaTh MOJIHYO KAPTVWHY COCTOAHMHM pajuodieMenra B JaH-
HOli cucTeme. Kpome TOro, rpafuk KPUBHX MOT NOWEHMA HATIAJHO NOKa-
SHBAET OGJACTY CYWECTBOBAHMA DPAIMONEMEHTA NpPEeUMyuecTBEHHO B dop-
Me HEeKOMIMJEKCHOTO KaTWoHA , KOMIJIEKCHOTO &HMUOHE U He}TpaJbHOTO
KOMIJIEeKCa. B TOM CJyvae, KOrja paXuOdJEMEHT Jael C anieHNOM He-
CKOJBKO KATHMOHHHX WJM AHMOHHEX $OPM, METON OTHOCHUTEJIHHOTO HOTJO-
WeRmd MOFeT JATh HEKOTOpHE CBefeHud O YuCie Takux ¢opM ¥ 0 Hexo-
TODHX CTYMEHYATHX KOHCTAHTAX HECTOUKOCTH COOTBETCTBYRUUX KOMIJCL
COB.

B RauyecTBE MpUMepa NPUMEHEHUA METOJa OTHOCUTEJBHOTO MOTJOUEe-
HUA PACCMOTDUM MPOLECCH KOMIJeKCOO00pa30BaHUsd B CHCTEMAX UOH IUD-
KOHUA — AHMOHE a30THO{ KMCJIOTH M MOH ypaHUJa - aHMOH YKCYCHOHU
KUCJIOTH -

M3yueH#e CMCT eMH MOH IUpKOHUA-95 (MMKDOKOMIOREHT) - XJIODHASA
KUCIOTa -~ MEepXJOPAT HATPHA C MOMOUDBD KAaIUOHUTAE M AHUOHUTE MOKa 34—
10, YTO TULPOAUSHHE ABJEHMS y MOHOB LUDKOHKA OTCYTCTBYNT MDA KU—
CJOTHOGTH BHUE 1,2 - 1,5 H.,NPAYEM KOMIJNEKCO0CPA30BAHUEM NUDPKOHAA
¢ 2 H. XJIQDHO# XKucJoTOd MORHO npeHedpeus /6/. [109TOMYy UCCIELOBAHUE
KOMIJIeKC006pa30BAHUA IUDKOHUA G HUTPaT-UOHOM OHJO MPOBELEHO B
cuecH a30THON ¥ XJIOPHOH KMCJAOT MpY uomedl KMCIOTHOCTH 2 H U MDH
QOCTOSHHON WOHHOW Cuie pacrTaopa, paBHOM IBYM. [nd uCCieR0BAHUA
IpUMeHA JICA pajuoaKTUBRHE mM30TON I UPKOHUE~95 B MUKPOKORLEHTDALNU.
B KaueCTBe MOHUTOB CAYRMIM KATHOHMT KY-2 u amuoHmr 3]9-IO0. JKcHae-
pUMEHTA JIbHO HajiieHHaf 38BUCUMOCTEH BEJMUNH OTHOCUTE€JBHOTO MOTJIome=~
Hud QUpKOHMe X' M y - % BemuMHN ¥ =1-yf, -f- or
KOHLIEHT paiuyl a30THOM KICJIOTH DA 9TUX YCJIOBHAX MPEACIABJEHA Ha
puc. 4. W3 DUCYHK2 BUJHO, UT0 OPH KOHI[HT palii &30THOH KHCJOTH
nuge 41,4 nornomeHue NUPKOHUA aHUOHUTAMM HE 3HAUUTEeNHLHO. 3T0 MO3BO-
n9eT CUWMTATh, YTO [DH yKABAHHHX YCJOBUAX LMPKOHIA TOUTH HE oGpasy-
eT OTPUILATENbHO 3ADAREHHHX HUTPATHHX KOMIJIEKCOB.
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MoxHO oxuzars 00pa30BaHMA B PaCTBODE TpeXx Mo JIORMUT € JBHO sapa-
XGHHHX KOMIICKCHHX HOHOB NMPKOHHA: -{Z'LND ] XZ’L(NOS 2]
u | Z9(NGQ,) ] . OIHAKO, BOBMOXHO, UTO Hexoropme W3 BTUX MOHOB B
pacTBOpe CHUJABHO JUCHPOMOPUUCHUPYDT W HOTOMYy He MOTYT MpHCYTCTBO-
BaThP B 3aMETHHX KOHIEHTpalMAX. ECJM NpeXnoJOEUTH, KAaY, 3T0 UHOTJIA
Ieraerca (42), uTO B Tex ¢clyyafX, KOIjJa KOHI[EHTpanud HEKOMMJEeRC-
HOI'0 VOHa KUDKOHUA He OYEeHL MAJia [0 CPABHEHMD C er'0 KOMMJIeKCHHMU
KaTMOHEMM, (0ZaBJADUAA YaCTh MOTJNOUEHHOT0 KATUOHUTOM I[MDPKOHUA
IpeXCTaBJAET COCO¥ HEKOMMJIEKCHHE WOHH, Tak Kak OHM OGJAJZANT 6O Jb-
mell BaJeHTHOCTHM., JT0, BO BCAKOM CJyuae, HLOJEKHO OTHOCHTBCA X pac-
TBOpaM C Majo¥ KOHIGHTpauuedl a30THOHX KMCIOTH. Jnd STUX pPacTBOPOB

¢
=g ° (6
rJLeCM ~KORIEHT PalLs HEKOMIJEKCHHX WOHOB LupkouMa, a 0 - oduas

KOHL[@HTPAlXA LMPKOHUS B DPACTBOPE.

IlepBad CTYMeHp KOMIJNEKCOOOpPa30BaHuA B Hameil cucreme (uiu
nocneZHAsl CTYNEHb IUCCOLUAIMM HUTDPATHHX KOMIJNEKCOB) MOEET CHTh
BHpaXeHA ypaBHEHUEM

+4 -
Zn  +nN0 =[Z(NO,), ™
Ecau xoMmjexc C OJHOW vacTumeid apzieHza ycroiuumB, To 1L = 4,
Eomr qucno M OKaxercd CoJplie eXUHULH, TO KOMIJIEKC C OJHOH
YacTuIell AMCOPOMODPINOHIDPOBAH ¥ He MPUCYICTBYyeT B pacTBOpe B 3a-
METHOM KOHUEeHTpaund., Ecay 1 = 4, TO KOMIOJNEKCHAS uwacTuua Hej-
TpaibHE. OTKJOHEHUE 3HAUYeHWU: X" 4 OT eIMHUOH MpH MAJHX KOHIeH-
Tpaluax asomoﬁ chnoru MOEHO [OpUpPABHATE JoJe X" KOMIJEKCa

§=1- x+=c— (8

rIe C ~KOHI[EHT Dal[Afl KOMMJEeKCA B DPABHOBECHOM DACTBODE.
KoHCTAHTA HECTOHKOCTH MEpPBOTO KOMMJEKCa, COTJACHO ypaBHEHU®

(7), pasHa

]+(4-r1)

/

X' ! mogr o B g )
E "'X’.g.- ?

TIe C ~KOHI[EHTpauus CBOGOLHOTO alleHNA B DABHOBECHOM PacTBODE.
3 0) cnexyer
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99(%>=Q9k"“a9°‘: (10)

TeC€e 3aBUCUMOCTDH Qg(f{%—) OT MOoKasZaTessa alleHla -P,ga, apu
M&JHX KOHIEHTpaluAX ajNeHNa LojxFa OHTh MpAMOIMHENRHOH, npuyem
yrnoBo#t xoa(dunuent npamoll paBeH yucay v , KOTOPOe TakuM OGpa-
30M ¥ MORET OHIb OnpejeJIeHO SKCIepUMEHTaJNbHO «

3aBUCUMOCTD ?‘(3 (fx_li—:) 0T Equ, I8 pazMonUpKOHUA-95 B
CMeCH XJODHOM ¥ a30THOM KUCNOT NMpeICcTaBjeHA Ha DuC. 2 (MOHHASA
CUJA DacTBOpa = 2), 13 DUCYHKA BUJHO, YTO B OGJACTU KONLEHT PAIMi
a30THOM! KMCNOTH JO 4 H C JOCTATOYNOA TOYHOCTBD OCYUeCTBJIAETCH
MpAMOJIMHeHAA 3aBWUCUMOCTH, [(DPUYEM HAKJIOH NPAMOA COOTRETCTBYET
h =2. TaxuM 00pa30M, IKCHESPUMEHTAJbHHE IAHHHE MO3BOJANT CUMTATD,

+3
YTO KOMMJEKCHH VMOH [Z"LNUJ B PacTBOPE HeyCTONHUNB;
OBTOMY NpU B3BUMOJEHCTBUM WUKPOKOINHECTS IMDKOHUA G HUTPAT-HOHOY
cpasy obpasyerca kounnexcEui uom [ Z%(NO,) ]

AHanOTMYHHM 00DPa30M MPY B3aUMOJEiCTBUM PajouUITpUd C MOHAMU
MOJIOYHOHi KUCJNUTH, MO-BUIUMOMY, TaKke Cpa3y oOpa3yercs KOMIJEKC-
HHY MOH C IByMA vacTuiaMu ajieHia /14/.

TIpomecCH KOMIJIEKCO0Gpas30BaHud B BOLHOM PacTBOPe B CUCTEeMe
HOH ypaHuja - aneTar-MOH WU3yvyanauch ApraHioM 15/ u JayncoM u Tum-
KOBHM /135/. ApJaHT cuexTpodeToMeTpuyecKuM MeTOoJLOM Hauels, 4To B
9TOH CcuCTeMe 06pasypICA TDPU KOMIJEKCHHX COE,I!;VIHBHIM'KUD Acl?

{UUZAC, u {UDQ/\CK , LA KOTODWX MM OHJM OmpezesieHH

KOHCT&HTH YCTOWUMBOCTU. /I3 €ro JaHHLX BHTEKaeT, YTO NPHU HEKNTODPOi
KOHIEHTPALM aNeTaTHHX MOHOB 3HAyMTe/bHAdA 4yacTh ypaHa (B0 40%)
MOReT HAXONUTHCA B PaCTBODE B BHJE MOJOXUTEJIBHO 33aPAXEHHOTO KOMM-
nexcHoro uoHa (C ozHOM uacTumedl amgenza). JlayHe ¥ TULKOB [0 JIADPO-
rpaduuyecKkuM MeTomOM OCHADYRUIA TONBKO IBA KOMIJNEKCHHX COeIUHERUf
B 3TOI cuUCTeMe W He HalJAM [OJOKUTENBHOI'0 KOMIIJEKCHOTO0 HOHA C Of-
Hoii yacruuell ajzreHIa. Hamu cosmecTHo ¢ fl.A. HKoueBaHOBO} agerarHoe
KOMIIJIEKC000Da 30BaHIe MOHOB YPaHUJa B HUTDATHHX DacTBopax u3yua-
JA0CH METOJOM MOHHOTO OGMCHAa Ha KaruoHure KY-2 n anuonure [10-9
Mp¥ MOHHOM cuje pacrsopa 0,5 B UPACYTCTBUM HUTPATA HATDUA U (DU
KOHieHTpanuu wonos ypaumyaa 0,02 u 0,C4 u.

TlonyJyeHHHe DKCUEPUMEHTAJbHHE JAaHHME OHJM BHpaxeHH B Qopme
OTHOCUTENBHOTO noryoueHua ypaHa (YI) KaTUOHUTOM (X’+ ) ¥ aHWOHU-
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. TOM (5‘_ )o Jlna ompeLeseHus COCTABa MEpPBOTC KOWMJEKCA [0 METONY

W3/OKECHHOMY BHIe INA LMDKOHWA, OHJa Tpaduyecky ompereseHa 3aBu-
CUMOCTS Q,(a( 8 ) 0T R(a(], (rze 0L — KOHIUEHTpaNud ale-

TATHHX UOHOB jB a-cmope), KOTOpas MNpeLCTaBJGHA HA PUC. 3. Yrio-
BOJ K0oS(PUIMEHT NDAMOM HAa 9TOoM DUCYHKE DaBeH XByM. CJEL0BATENBHO,
IaHHHE 00 MOTJIOIEHMD) MOHA YDaHWUJA KATHMOHUTOM MO0KA3HBART B COOT-
BETCTBUYK ¢ IAHHHMM JayHca u TumKoBa, 4I0 K MOHY ypaHMJa Cpasy
MPUCOELMHACTCA JBa AleTaTHHX MOHA C 00paBoBaHUEM HEHTDajbHOTO
KOMIJGKCA, & HOK [UUQ AC-J , [0-BILIUMOMY, HEZOCTATOUHO YC-
TOJUNB ¥ B 3HAUUTEALHON CTemneHM XUCIPOMOPUNOHUDYeT HA WOH ypaHU-
Ja U HeliTpaJbHHI} KOMIIJIEKC.

CoBepUeHHO AHAJOTHYHHM METOXOM MOKHO OMpEAeNMIB, CKOJBKO

yacTu ajneHfa oOTmenJAeICA OXHOBPEMEHHO DU Juccoquanuy aHNOHHO-

o KOMIIJeKca [UOZAC;]_ . JIng aroro HA puc. 4 u300paxeHa
3aBUCUMOCTH Q/%(Il:.‘._ oT Q,(a Q0 . OxcmepuMeHTaJibHHE TOUKH

HA 9TOM DUCYHEKE YLOBIETBOPWUTEJBHO JIOXATCA HA OpAMyD C YTJIOBHM
RO9QPUMIIUENTOM, DaBHHM eluHuUne. OTCoAa ClelyeT, 4TO B nepsoit cra-
IMM GUCCONVAIMA OTDUNATEJLHOT0 KOMIJEKCHOrO WOHA )0pasyercs Hel-
TpasbHHYA KOMIIJIEKC U02 ACE] .

Takuy 0Gpa30M, UCCACLOBAHNE AlETATHOTO KOMIJEKCO00pa30panis
WOHOB ypAaHWJA [IDUBOJUT K 3aK/OUEHMD, YTO B BOXHHX PaCTBOPaxX mpu
KOMHATHO!l TeMIepaType B HUTpAaTEO—alnerTaTHoil Cpeie KpoMe MOHOB ypa-
HEJB MOTYT IDHCYTCTBOBATH B SHAUMTE]bHHX KOJMUECTBAX Ipa YCIOH-
qusux xowngexca (U0 AC,] o u0,Ac,]” . Ecm uon
[UD,‘,ACA i 0CpasyeTcs B DACTBODE, TO BPAK JI OH MOEET COCIAB-
JATH BHAUNTEJBHYD Zom Bcero ypaHa (VI).

OCHOBHBAACH HA BTOM, MH MOMHTAJUCH KOJNMUECTBEHHO WHTEpUDETi-
POBATH MOJYJeHHHE HAMM DKCTEPUMEHTAIBHHE JAHHHE MO MOTJOWEHMD
ypaia (VI) KATWMOHWTOM M BHUOHKTOM C MOMOWBD JIBYX KOHCTAHI: KOH-
CTaHTH HeCTOMKOCTH KOMIJEKGHOT'O aHNOH&

C. s { 3
K =—0 =—0a (41)
L
1 KDHCT&HTH uepaoﬁ CTyneHun puccopuangin 3I0TO KOMIIJIERKCA
C 0 i_ X-«\- —‘GN— _
1(4 =—0= ’ (12)
C. ) -

-
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rie C+ ,C_ n CO —~ROHUEHT DAl MOHOB ypaHWIa, KOMMJEKCHHX aHU-
OHOB M HEHTDaJBHOT'O KOMIJIEKCA B DACTBODE. IIOJYYEHHNE HAMM (yTeM
IBYKDATKOTO0 NPUCJIMEEHNA 3HAYEHMS KOHCTAHT
K, =6.10% uX, =1,3.107°
MO3BOMMIM HAM MPOU3BECTM pacuer JoJell pasmmunux d¢opd ypaHa (VI)
B pacTBope B 3aBUCHMOCTH OT KOHI[@HTPANUY AI[€IaTHHX MOHOB DU
MOHHO! cune, pasHo# 0,5, 00 dopMynam:
a’
- at+ka? +K,
X, a2
a®+ Ko+ K,
Xy
+ (l3 + 'Kiaa +--.KH )
rre_, C)l0 n O(+ =Z0J OTDUIATENBHOT0 KOMMJEKCA, HelTpabHoTo
KOMIJeKca U HEKOMIJEKCHWX MOHOB ypaHUIa OT OGUero COXepEaHuf ypa-
Ha (VI) B pacTBOpE (O(++O\_+Ol°= 1). Tcan U3JOEeHHHEe BHIe
IpexcTaBlennd 0 NpOIeCCax ameTaTHOTC KOMIJEKC000PpasoBaiMd MOHOB
ypaHUJa B pacTBOpaxX W HAlNGHHHe HaMW YUCJEHHHe 3HAYEeHUd KOHCTAHT
HECT OflKOCTH COOTBETCTBYNT IeHCTBHUTENHHOCTH, T0 LOJKHO UMETH
MeCT O Cielypliee COOTHONEHNe MEEXY BHUUCJIEHHEME BEJUUIHAMM OTHOCH-
TEJBHOI0 MOI'JONeHNA

a

-0

A
a

—

——
—
——

O‘+=—"2$»+
A :=:8’_

do =1—X+—Xo

Ha puce. 5 CnjnOmMHHE KPUBHE COOTBETCTBYPT BHUMCIEHHHM B3HAUE-
nuam gonet O, G _ MO\O, a TOUKM, OTMEUEHHHE DABMMUHHME BHAY-
KaM¥, ~ SKCIEpUMEHTAJIbHHM JAaHHHM. 3 DUCYHKA BULHO, UYTO0 COOTBET-
CTBYI€ DKCHEPUMEHTAJBHHX TOYEK DACCYMTAHHHM KDUBHM fBJSAEICA YIOB-
JeTBODUTENBHHEM, YTO [ONTBEDRIAET HAWM OpeJCTaBNeHUA M N03BOJIET
HaM CcrerynmuM 00pa30M 0XapakTepu30BaTh 0CGJACTH CYUECT BOBARUA pas-
MmyHEX fopM ypaHa (VI) B BOZHOM aneTarHOd Cpeje [IpM MOHHOHA cune,
paBHO} 0,5:

1) VoH ypaHHJA B KaueCTBe eXMHCTBEHHOH QopME CymecTBO BaHUA
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ypaHa (¥I) Haxomurcsa B PaCTBOPAX, B KOTODWX KOHOEHTDALMA CBOGOL-
HHX anerarHux woHos Q) e mpesumaer 40™° (cozepranne npy-
rux Gopu weHsuwe 5%). Mpu (), < 2.40°2 ColepRaHMe WOHOB ypaHMIA
B pacTBOpe CTAHOBMICA OveHb MaiuM (uensme 5%),

2) YpaH B (opMe HeHTDAJBHOTO KOMINERCA. WOZACJ MO B s~
STCA B BaMETHHX Kosuvecrsax (donsme 5%) mpm (| > 1073, lpn
Q= 1,5.10"2 Colepxanne 9Tof POPMH ypaHa B PacTBODe CI2HOBUTCA
MaxcumanpruM (0x0%0 75%) W mpH XaibHelueM pocre KOHI[EHT pa it
aleTaTHHX KOHOB NaZaer, CTAHOBACH OYeHs MasMM (MeHble 5%) npu
a> 4. )

3) Cozepxaniue KOMIJIEKCHOTO aHMOHA [UOQAC,] B pacTBODe
A0CTUTaer saMeTHON BequuuHH (Gonpme 5%8) mpu (L > 5.107°, Hpn
Q> 1 oror KOMTIEKC CTAHOBMICA MpaKTUYECKH eXUHCTBEeHHOA (opumoit
¢yuecTBoBamuA ypara (VI) B pacreope (ero cozepxaHue 60iblue 95%).

3 CxaBaHHOTO He CleLyeT, YTo B afeTarHoM pacrsope uoH
[UD2AC]+ HEe MOXET CyUWEeCTBOBAThe OIHAKO BOBMOXHOE OTHOCUTEJIBHOE
COlePEAHME IO B PacITBODPE, MO-BILLUMOMY, HE MOXET OHTh BHAUNTE Nb—
HhlM o
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Puc.l.3aBuCHMOCTE 0THOCHTENBHOTO NMOT J10NeHUS
-%M%{congﬂ KaTioHuTOM ( ¥+ ) ¥ aHOHUTOM

~ ) OT KOHOEHTpalu# ajleHza ?aaow—
HO{ KMCIOTH) B pacTBoOpe. Kpusas I- zgf

zfpnbg_af 2 - ¥--'5 KpuBad 3 y = 1-

.
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Puc.2.3asucumocts lg(z%;) 0T Jorapudya
KOHIEHTpamiN SANEH a Npu 00pa30BaHME KOM—
NIEKCHOrO CO@LMHEHNS MOHOB LMPKOHMA C HAT-
paT-}OHAMN
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Puc.3. 3asucumoc Ts 99(1%31 0T JorapupMa Kok-

LeHTpanuu aleTaTHHX MOHOB npn o0pa30BaHuy
KOMIOJIIEKCHOTI'0 COeJuHeHus MOHOB ypasuna ¢
aleTaTHHMM MOHAMY
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Puc.4.3asucumocts lg(L )  or norapupua xou-
IeHTpay) AaNeTaTHHX MOHOB NPY AV CCOLME LUK
KoMmIeKcHoro aruoHalll02ACs3]
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